Simulation of Oxygen Gradient Generation
The concentration profile of gases (nitrogen and oxygen) in the gas gradient generator was numerically solved by a commercial computational fluid dynamics (CFD) software package (STAR-CD version 3.15a, CD-adpaco) based on finite volume method (FVM), as shown in Fig. S-2a . The mesh size in the 3D model is typically < 8 um × 8 um × 8 um, while the mesh size over the folded channels is ~ 8 um × 4 um × 8 um to maintain a reasonable representation of the velocity profile (Fig. S-2b ). Steady state solutions of the momentum and continuity equations were obtained by Semi-Implicit Method for Pressure Linked Equation (SIMPLE) algorithm S1,S2 with convergence tolerance of 1.0 × 10 -7 . The tolerance is defined as the norm of the relative change of velocity field in the instantaneous iteration.
The typical local velocity is ~ 10 -1 ms -1 , and therefore the mean accuracy of this simulation is ~ 10 -8 ms -
1
. At each of the two gas inlets, a flat velocity profile was first imposed at a uniform flow velocity of 0.2 ms -1 and the velocity profile was fully-developed within the inlet channel, due to the low scaled
Reynolds number (10 -3 < Re* < 10 -1 ) of the flow. The pressure boundary conditions at the eight channel outlets were set as atmospheric (1.02 × 10 5 Pa). The solution of continuity equation could be applied for every combination of gas mixtures, as the sum of mass fractions of nitrogen and oxygen is always unity.
We applied one-way coupling of fluidic flow to the concentration field, as oxygen and nitrogen gases have similar molecular weights. The mass transfer of the two source gases (a set of convection-diffusion equations) was solved (tolerance on gas ratios: ~ 10 -8 ) using the pre-computed flow fields. The simulated oxygen ratios at the outlets (0.04 %, 14 %, 28.4 %, 42.8 %, 57.2 %, 71.6 %, 86.1 % and 99.6 %) are within 1 % of those calculated by the circuit model mentioned in the main text; and so this can validate the modeling technique using an equivalent circuit model.
Bulk Culture of Murine Embryonic Fibroblast Cells under Different Oxygen Conditions
All the samples were pre-cultured under atmospheric environment (air) using the protocol aforementioned, such that all the cells were initially spread out and had a good attachment with substrate. The cells were then cultured under the supply of oxygen, air and nitrogen for additional 4 hr.
Results (Fig. S-3) show that the cells cannot grow nor could maintain their shapes under the supply of pure nitrogen (DO 0 ppm) and oxygen (DO 42 ppm). oxygen.
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